Combined linkage and linkage disequilibrium analysis were used to refine the position of a previously detected QTL affecting milk production traits on bovine chromosome 6. Through a series of single-and multitrait and single-and multipoint QTL analyses, the QTL could be positioned to a 7.5-cM interval surrounded by the markers BMS2508 and FBN12. The most significant results were found for fat percentage and protein percentage. This effect seemed to be caused by a QTL allele embedded in one specific marker haplotype that caused a reduction in fat and protein yields and a concomitant increase of milk yield, thus resulting in a marked reduction of fat and protein percentages. (Key words: cattle, fine mapping, linkage disequilibrium, milk) Abbreviation key: BTA = bovine (Bos taurus) chromosome, IBD = identical by descent, LA = linkage analysis, LD = linkage disequilibrium, logL = logarithm of the likelihood.
INTRODUCTION
Most important health and production traits in livestock are quantitative by nature-i.e., regulated by a large number of genes and also affected by the environment-that causes a continuous phenotypic distribution. Genes, or closely linked groups of genes, affecting such traits are called QTL. Although the effect of each of these genes on the genotypic variance is generally low, QTL significantly affecting important traits have been identified in a large number of livestock species. Usually, the first step toward mapping a QTL is to perform a genome scan using linkage analysis. With this approach, a parent and an offspring generation are genotyped for a moderately dense marker map covering all chromosomes, and the inheritance of the marker alleles from parents to offspring is traced. A significant difference in phenotypes among groups of offspring having inherited alternate alleles of a marker from their common parent indicates linkage to the marker of a QTL affecting the trait (for details, see e.g., Georges et al., 1995; Knott et al., 1996) . However, the mapping resolution achieved by this approach is low because the distances between markers are relatively large. More importantly, increasing the map density usually will not significantly improve the precision because there will be only very few recombinations between closely linked markers. Typically, confidence intervals for the most likely QTL positions are in the order of 20 to 30 cM. Because most practical implementations of marker information require the QTL to be mapped to an interval of 1 to 2 cM, methods of higher precision are needed to refine the region.
Linkage disequilibrium (LD) mapping allows the utilization of all recombinations that occurred during the generations before marker genotyping started and is thus a powerful method for fine mapping. Meuwissen and Goddard (2000) postulated that a base population in linkage equilibrium undergoes a mutation at the QTL, creating a novel QTL-allele embedded in one specific marker haplotype. Due to recombinations in the following generations, the original haplotype will remain only for markers close to the QTL. Thus, in the current generations, these marker alleles will be in linkage disequilibrium with the QTL alleles. The LD can be detected by estimating the effects of the marker haplotypes on the quantitative trait. Haplotypes with identical marker alleles are expected to have a similar effect on the trait because the identical marker alleles imply that the chromosomal region is inherited in a manner that is identical by descent (IBD) from an ancient common ancestor, and the haplotypes are therefore expected to carry similar QTL alleles. However, as LD approaches are highly affected by factors such as population admixture causing spurious long-distance disequilibria, the extent of LD along the chromosome, and how correct the linkage phases are estimated, pure LD analysis may report a number of false positives (Perez-Enciso, 2003) .
Linkage analysis and linkage disequilibrium analysis can be combined as proposed by . This approach allows the utilization of recombinations occurring both within and outside the pedigreed and genotyped generations (i.e., linkage analysis and linkage disequilibrium analysis, respectively) and also accounts for unknown background genes. Additionally, a combined approach prevents the false positives caused by accidental marker-phenotype associations from LA or the long-distance disequilibria found in cattle (Farnir et al., 2000) that may arise when the approaches are used separately.
In dairy cattle, much effort has been undertaken to detect QTL for milk production traits, and a number of chromosomes have been reported to harbor regions with significant effects. Several studies have reported the presence of one or more QTL on chromosome 6 (BTA6) (e.g., Georges et al., 1995; Spelman et al., 1996; Zhang et al., 1998; Velmala et al., 1999; Ron et al., 2001) , but the results of the studies differ somewhat with respect to the number of QTL detected, their positions, and to which extent the milk traits are affected by the QTL. Several studies performed in a number of breeds have reported segregation of at least one QTL close to marker BM143 in the middle of BTA6 (e.g., Spelman et al., 1996; Kü hn et al., 1999; Velmala et al., 1999; Nadesalingam et al., 2001; Ron et al., 2001) . In a previous study in Norwegian Dairy Cattle, linkage analysis was utilized in a genome scan for QTL affecting 5 milk production traits (milk yield, fat percentage, fat yield, protein percentage, and protein yield) in 6 elite sire families with a total of 284 sons (Olsen et al., 2002) . A highly significant QTL was detected on chromosome 6 close to marker FBN9, with its most likely position approximately 2 cM downstream of BM143. The 95% confidence interval for the QTL position was found to be 16 cM. Two of the elite sires, which were paternal half sibs, shared a common haplotype in the relevant area that seemed to cause a marked reduction in both fat and protein percentages and a weak increase of milk yield. No effect on fat and protein yield was found. The aim of the present study was to utilize the combined linkage and linkage disequilibrium method of to refine the position of the detected QTL, and to investigate whether more than one QTL was segregating in this chromosomal segment. 
MATERIALS AND METHODS

Data
All animals in the study belonged to the dual-purpose Norwegian Dairy Cattle breed. The animals were organized in a granddaughter design consisting of 35 elite sire families that were chosen because of their relatively large number of progeny-tested sons. The total number of sons in the study was 1098, ranging from 14 to 71 sons for the smallest and largest families, respectively. The total number of daughters was approximately 680,000, with an average of 619 daughters per son. The pedigree of each animal in the study was traced back as far as known. Six of the families had been used in the previous genome scan (Olsen et al., 2002) . Complex family relationships existed among the animals. Several of the sires were paternal halfsibs, and 18 of the sires were also included as sons in older families.
Predicted transmitting abilities of the sons from the 35 families were used as performance information in the analyses. The PTA for the 5 milk production traits (milk yield, fat percentage, fat yield, protein percentage, and protein yield) were available from the national genetic evaluation in June 2000 carried out by GENO Breeding and AI Association and evaluated using BLUP with a single trait sire-maternal grandsire model.
Marker Map
Initially, 16 publicly available microsatellites in the region around the putative QTL on chromosome 6 were tested for genotyping difficulties, number of alleles, and degree of heterozygosity among the 35 elite sires. Of these, 10 markers (URB16, BM1329, BMS2508, FBN12, BMS1242, BM143, BMS690, DIK82, FBN13, and BMS470) were selected for genotyping in all sires and sons. The relative positions, number of alleles, and heterozygosity of these markers are shown in Table 1 . The markers spanned a region of approximately 31 cM around the putative QTL found in Olsen et al. (2002) , thus covering approximately the peak of the test statistic curve of that study. Markers were genotyped using primers and PCR conditions as described by Ma et al. (1996) and Weikard et al. (1997) for URB16 and FBN markers, respectively, and at USMARC Genome Database (2003) for BM and BMS markers. Figure 1 shows the position of these markers as compared to the markers used in the previous genome scan (Olsen et al., 2002) .
Marker order and map distances among markers were estimated using the CRI-MAP 2.4 program (Green et al., 1990) , with map distances based on Haldane's mapping function. Average distance between markers was 3.42 cM, ranging from 1 to 8.7 cM. However, no recombination was detected between markers FBN12 and BMS1242 (i.e., the markers surrounding bracket 4) in our data set. The order of these markers were set according to Weikard et al. (2002) , and the distance between them set to 1 cM, as the mapping methods required some recombination between markers.
Statistical Analyses
Single QTL-single-trait analysis. Each of the 5 milk traits was analyzed separately using the combined linkage and linkage disequilibrium method of . In short, the method consisted of the following steps: First, the linkage phases of all sires and sons were estimated based on marker information. In the second step, the midpoint of each marker bracket was regarded as a putative position for a QTL. For each putative QTL position (i.e., midpoint of marker bracket), the IBD probabilities of pairs of haplotypes were calculated from marker and/or pedigree information (for details, see . Only the bracket midpoints were considered since, for a dense marker map, individual positions within the bracket would have similar probabilities. The IBD probability depended on the effective population size and the number of generations since the base populations, which were both assumed to be 100. For each bracket, a complete matrix of IBD probabilities between all haplotypes at the putative QTL position was obtained. This matrix is denoted Gi, where the subscript i reflected the fact that the probabilities depended on the ith position of the QTL. The last step was to calculate the likelihood of the data using restricted maximum likelihood. The model of the performance data was expressed as
where y is a (nx1) vector of records (i.e., PTA for the milk trait in question), µ is the overall mean, 1 is a vector of 1's, h is a vector of random haplotype effects of dimension q × 1, where q is the number of different haplotypes, Z is a (nxq) incidence matrix relating observations and haplotype effects, u is a vector of random polygenic effects, and e is a vector of residuals. The variances of h, u, and e are G i σ 2 h , Aσ 2 u , and Rσ 2 e , respectively, where G i is the matrix of IBD probabilities among haplotypes, A is the additive genetic relationship matrix, and R is a diagonal matrix with n -1 j on the diagonals (n j is the number of daughters of bull j). For each marker bracket, the logarithm of the likelihood (logL) of a model containing a QTL, as well as background genes, was calculated by maximizing the likelihood with respect to the variance components using the ASREML package (Gilmour et al., 2000) . The likelihood of the alternative hypothesis of no QTL was calculated based on a model containing only background genes and the test statistic formed as the difference in logL between the model with and without a QTL. The marker bracket with the highest logL difference was taken as the most likely QTL position. The significance level of the test statistic was determined from the chisquare distribution, as the logL ratio times 2 is chisquared distributed with 1 degree of freedom (i.e., the number of degrees of freedom is equal to the difference in number of parameters fitted in the model with a QTL vs. the model with no QTL). Because the QTL were already found to be highly significant in the study of Olsen et al. (2002) , no specific methods for determining the significance threshold were used. Therefore, a nominal P-value of 5% was considered to be significant.
Single QTL-multiple trait analysis. The AS-REML program was also used to perform the multipletrait analysis using the same IBD matrix (G i ) as in the single-trait analysis. The multitrait analysis included the 3 yield traits only. The data were modeled as:
where y i is a (3 × 1) vector of PTA of bull i for milk, fat, and protein yield, b is a vector of fixed effects, which includes the mean for each of the 3 traits, h i1 and h i2 are (3 × 1) vectors of effects of the paternally or maternally inherited haplotype of bull i on each of the 3 traits, respectively, and u i and e i are (3 × 1) vectors of random polygenic effects and residuals of bull i on each trait, respectively. Following Goddard (2001) , it was assumed that all vectors of haplotype effects h ij are along the same line, instead of pointing in all directions of their 3-dimensional space. This substantially reduces the number of parameters to be estimated, and the assumption is true when the QTL is bi-allelic (i.e., all haplotype effect vectors point to either the effect of QTL allele 1 or QTL allele 2 and thus lay along the line connecting these 2 points). The assumption is only approximately true when the QTL is multi-allelic, but 2 of the QTL alleles are much more frequent than the others. If the h ij effects all lay along the same line, the variancecovariance matrix of h ij can be modeled by:
where v is the (3 × 1) direction vector of the line along which all h ij are modeled. Thus, ASREML estimated only the 3 parameters of the direction vector v, instead of the 6 parameters contained by the full variance-covariance matrix H. Multiple QTL-single-trait analysis. All traits were analyzed with the multiple QTL single trait method proposed by . The data were modeled as:
where y, 1, µ, Z, u, and e is as for the single QTLsingle-trait analyses, Σ i denotes summation over all possible QTL positions (bracket midpoints), q i is a vector of haplotype effects, X i is a known incidence matrix relating allelic effects with records, and I i is an indicator variable, where I i = 1 (I i = 0) indicates (no) QTL at position i. Var(q i ) = G i σ 2 q , where G i is the IBD matrix between the haplotypes at the ith position. The variance components and haplotype effects were estimated using Gibbs sampling with 500,000 cycles, and Ii was sampled with a Metropolis-Hastings step . As opposed to the paper of , the prior probability of having a QTL in bracket i (I i = 1) depended on the length of the bracket. As a QTL previously had been mapped to the relevant area of BTA6 (Olsen et al., 2002) , the total prior probability of detecting a QTL in the genotyped area of 31 cM was 100%. The prior of each bracket was then set equal to the relative length of that bracket. Flat priors were assumed for σ 2 u and σ 2 e , whereas the prior distribution of σ 2 q was inverse-chi-squared with 4.2 degrees of freedom . After discarding the initial 10,000 cycles from the MCMC chain as burn-in, the fraction of cycles with I i = 1 gave an estimate of the posterior probability of a QTL at position i. A significant QTL was present in a bracket if the posterior probability of that bracket exceeded 0.5.
Multiple QTL-multiple-trait analysis. Multiple QTL-multiple-trait analysis was performed according to Meuwissen and Goddard (accepted) . This method is an extension of the multiple QTL-single-trait method. The data were modeled as:
where y i , X i b, u i , and e i are the same as for single QTL-multitrait analysis, Σ j denotes summation over all possible QTL positions, v j is the direction vector for the effects of the QTL alleles at position j, qij1 and qij2 are the sizes of the QTL effects for the paternal and maternal allele of animal i at position j along the direction vector v j . As in the single QTL multitrait analysis, the number of parameters was reduced by assuming that the effects of the QTL alleles on each of the traits were lying on the same line instead of pointing in all directions of their 3-dimensional space. This reduction of the number of parameters was more important in this analysis, since the effects of several QTL were estimated simultaneously. For details, see Meuwissen and Goddard (2003) .
RESULTS
Initially, each of the milk production traits was analyzed separately using a single QTL analysis as described by . The log-likelihood ratio was formed for each marker bracket and trait by calculating the difference in logL between the model with a QTL in the midpoint of that bracket and the model without a QTL fitted. The results revealed a highly significant QTL in marker bracket 3 (BMS2508 − FBN12) for fat percentage and protein percentage (Table 2 and Figure 2 ). The logL ratio for fat percentage was 36.4 (nominal P-value = 1.4*10 −17 ), whereas the test statistic for protein percentage was 65.8 (nominal P = 2*10 −30 ). However, as shown in Figure 2 , the peaks for the percentage traits were rather broad, with brackets 2, 4, and 5 almost as likely as bracket 3. For fat yield, bracket 6 (BM143 − BMS690) showed a slightly significant logL ratio of 7.52 (nominal P = 10 −4 ). Protein yield had the highest test statistic of 6.66 (nominal P = 2.6*10 −4 ) in bracket 5 (BMS1242 − BM143). These traits also showed rather broad peaks with significant test statistics for several brackets. For milk yield, the most likely position was found in bracket 9 (FBN13 − BMS470), with a logL ratio of 3.65 (nominal P = 7*10 −3 ). The 3 yield traits (i.e., milk, fat, and protein yield) were analyzed simultaneously by a single QTLmultitrait analysis. As shown in Figure 3 , the multitrait analysis yielded a logL ratio curve with similar shape as for the single trait analyses of the percentage traits shown in Figure 2 . However, the peak of the likelihood curve was shifted slightly to the right, with bracket 4 (FBN12 − BMS1242) as the most likely position (logL ratio 30.28, nominal P = 7.1*10 −15 ). As can be seen from Figure 3 , the marker brackets adjacent to this peak had very similar test statistics. The curve had a somewhat bimodal shape, with a broad peak extending from brackets 2 to 6, and a smaller peak at bracket 8.
To test for the presence of several QTL on BTA6, all 5 traits were analyzed individually with a multiple QTL-single-trait model . With this approach, a sharp peak was found for both percentage traits in bracket 3, with a posterior probability of 0.98 and 1.0 for fat% and protein%, re- spectively ( Figure 4 ). Minor peaks were also found for protein yield in bracket 3, and for several traits in brackets 6 and 8. However, the posterior probabilities were smaller than 0.5 for these marker brackets, i.e., the Bayesian analysis indicated that the presence of a QTL was less likely than no QTL.
As a final step, multiple QTL-multitrait analysis was performed for the 3 yield traits according to Meuwissen and Goddard (accepted) . Again, a highly significant QTL was found in bracket 3 ( Figure 5) , with a posterior probability of 0.98. Bracket 6 had a probability of 0.36, whereas the posterior probabilities for all other brackets were close to zero. Although these results gave some indications of a second QTL toward the rightmost end of the genotyped area, no significant evidence for a second QTL at this position was found. For each bracket, the vector of haplotype effects (h) was estimated from the matrix of IBD probabilities between haplotype pairs and the trait records using ASREML for the single QTL analyses and by Gibbs sampling for the multiple QTL analyses. Haplotypes with IBD probabilities exceeding 0.95 were considered as being the same, thus the actual number of haplotypes was less than twice the number of genotyped individuals. The number of haplotypes per bracket varied from 190 for bracket 5 to 759 for bracket 2. For bracket 3 (i.e., BMS2508 − FBN12), the total number of haplotypes was 481, with a frequency of 0.06 for the most common one. A summary of the most common haplotypes of bracket 3 with their frequencies and marker alleles is given in Table 3 .
In an attempt to identify haplotypes carrying QTL alleles with major impact on milk production, haplotype effects, h (as estimated by the single QTL analyses) for bracket 3 were plotted for each of the traits. An example is shown for protein percentage in Figure 6 , where the haplotype ID are plotted along the X-axis and their effects (expressed as deviations from mean PTA) are plotted on the Y-axis. As shown in Figure 6 , most estimates of h were around the mean, whereas 8 of them showed a distinct reduction of protein percentage. The ID numbers of these haplotype effects were 5, 338, 342, 343, 344, 352, 387 , and 395, respectively. Of these 8 haplotypes, one (denoted haplotype number 5) was found in 113 animals, whereas the other 7 were found in one individual each. By comparing the mean estimated effect of these 8 haplotypes to the mean of all other haplotypes, the extreme haplotypes were found to cause a rather large reduction in PTA of fat yield and protein yield of 3.3 and 2.2 kg, respectively, and a minor increase in milk yield of 21.4 kg. This reduction in kilograms of fat and protein, combined with a small increase of kilograms of milk, lead to major reductions in the percentage traits, with a decrease in fat of 0.07 percentage points and protein of 0.05 percentage points. Studying the marker haplotypes that were associated with these 8 h-values with extreme effects revealed that 7 of the 8 extreme effects were associated with marker allele 5 for BMS2508, allele 1 for FBN12, and allele 6 of BMS1242. Thus, a QTL allele with negative effect on fat and protein and a slightly positive effect on milk yield seems to be embedded in the left part of a common 5-1-6 haplotype spanning brackets 3 and 4. The eighth extreme haplotype (number 352) had alleles 3-0-6 at the same markers, where 0 means that marker FBN12 failed the genotyping in this particular individual. The sire of this animal was heterozygous for FBN12 alleles 1 and 5. Based on genotype information of surrounding markers and recombination fractions, allele 5 has a higher probability of being inherited from sire to son. Thus, a second QTL allele could be embedded in the 3-5-6 haplotype. Alternatively, the effect of this haplotype could be similar to that of haplotype number 5 (alleles 5-1-6) due to the fact that these haplotypes carry the same alleles for all markers downstream of BMS1242.
DISCUSSION
A series of steps have been taken in order to fine map a QTL affecting milk production traits on bovine chromosome 6. The initial single-QTL-single-trait analysis revealed a highly significant QTL affecting fat percentage and protein percentage in marker bracket 3, i.e., an interval of 7.5 cM spanning from marker BMS2508 to FBN12 (Figure 2) . No significant effect for any of the yield traits was found at this position. However, the peak for the log-likelihood curve was rather broad, with several of the surrounding brackets almost as likely as bracket 3. In addition, smaller peaks were found for several of the traits toward the end of the genotyped area.
The milk traits are known to be highly correlated, with a positive correlation among the 3 yield traits as well as between the 2 percentage traits, and a negative correlation between yield and percentage traits. Thus, by using a composite hypothesis combining information from all traits simultaneously in multitrait analyses, the power to detect QTL and the accuracy of estimating QTL positions might be improved, as the QTL may have pleiotropic effects on all traits. Only the 3 yield traits were used for the multitrait analysis, as the percentage traits are functions of the yield traits and would contribute no extra information. The multitrait approach confirmed the QTL found in the single-trait approach but did not refine the QTL position as the shape of the logL ratio curves was similar for the 2 approaches ( Figures  3 and 5) .
The rather broad curve extending from brackets 2 to 5 could be due to the presence of 2 or more closely linked QTL affecting the trait in the same direction, which could cause a significant test statistic over a large chromosome segment. This was investigated by fitting 2 or more QTL simultaneously. The multipoint QTL analyses were performed for each of the 5 traits individually, as well as for a multitrait analysis including only the 3 yield traits (Figures 4 and 5, respectively) . The multi-QTL analysis did not clearly show the presence of more than one QTL in this area, but the fitting of multiple QTL gave a much sharper indication of bracket 3 as the QTL position than the single QTL models. This is probably because the multi-QTL mapping reduced the carryover effect of the QTL to adjacent putative QTL positions (Meuwissen and Goddard, accepted) .
All analyses revealed small peaks around brackets 6 to 8. Although no significant test statistics were detected, the fact that the peak remains through all analyses could indicate a second QTL with minor effects in this area.
These results strongly suggested the interval between markers BMS2508 and FBN12 as the most likely position of the QTL. In a study of Israeli Holstein, Ron et al. (2001) detected a highly significant QTL for fat and protein percentages close to BM143, with a 95% confidence interval for the position of a QTL for protein percentage of only 4 cM in two families. The confidence interval for fat percentage was spanning approximately 10 cM in their study. The most likely QTL position in our study, i.e., the midpoint of the interval between markers BMS2508 and FBN12, was situated approximately 4 cM to the left of BM143 in our map. A QTL in the vicinity of BM143 has also been reported in a number of other Holstein populations (e.g., Spelman et al., 1996; Kü hn et al., 1999; Nadesalingam et al., 2001) as well as Finnish Ayrshire (Velmala et al., 1999) . Both in the study of Velmala et al. (1999) and of Ron et al. (2001) , two families were segregating for protein percentage close to BM143. In both cases, however, the two sires had different alleles for BM143, so if they have had an IBD segment containing a common QTL allele, the IBD region is no longer including this marker. Thus, the QTL found in Norwegian Dairy Cattle seems to be the same as that found in these studies.
In a previous genome scan performed on a subset of the families utilized in the current study, the most likely QTL position was found close to marker FBN9 (Olsen et al., 2002) . FBN9 is situated between markers DIK82 and FBN13, which was bracket 8 in the current study (Figure 1) . Although the QTL position found in the former study was somewhat to the right compared with marker bracket 3 of the present study, a 95% confidence interval for the QTL position found in the previous study spanned approximately brackets 2 to 9 here, and thus the results of the 2 studies are in agreement with each other. In the current study, some smaller, nonsignificant peaks were found around brackets 6 to 8, i.e., close to the most likely position from the genome scan. If these additional peaks are in fact real QTL with minor effects, their effects could have contributed to the shift to the right of the log likelihood peak in the former study.
The combined LA and LD approach narrowed the interval of the QTL from a 16 cM confidence interval in the genome scan (Olsen et al., 2002) to a marker bracket of 7.5 cM in this study. However, in order to identify the gene(s) affecting the traits or utilize QTL information efficiently in marker assisted selection, the QTL position needs to be narrowed down further to 1 to 2 cM. One of several approaches for refining this interval could be to repeat the analyses for individual cM within bracket 3, as only the bracket midpoints were considered with the methods outlined here. However, with a dense marker map, individual positions within a bracket would normally have very similar probabilities of harboring a QTL and would thus yield little new information.
In the present study, with some rather broad intervals and the QTL situated in the second largest bracket, one could argue that the utilization of the combined analysis did not improve the mapping resolution much as compared to a pure linkage analysis. To test the advantage of the combined approach over LA, the same data were analyzed for protein percentage with a model similar to that of the single-trait-single-QTL model but including linkage information only. As shown in Figure  7 , the shape of the LogL curve was relatively similar to that of the combined analysis (uppermost curve of Figure 2), although flatter and with a decreased difference in likelihood between the hypotheses of one versus no QTL. Confidence intervals of the QTL position were calculated for both models using the 1 LOD drop-off criteria (Lander and Botstein, 1989) . The interval for the combined analysis contained brackets 3 and 4 only, whereas for the linkage analysis, all brackets, except 1 and 9, were included. Since the combined linkagelinkage disequilibrium mapping approach is especially suited to fine-mapping with a dense marker map, the best approach to refine the QTL position is to increase the marker density between BMS2508 and FBN12 and repeat the analysis on the improved marker map. As the numbers of microsatellites in the region are very limited, effort is now undertaken to generate and genotype a large number of single nucleotide polymorphisms in order to refine the QTL position.
The effect of the QTL found in bracket 3 seems to be due to one specific QTL allele embedded in a haplotype consisting of alleles 5-1-6 at markers BM2508, FBN12, and BMS1242, respectively, i.e., the markers surrounding bracket 3 and 4. This QTL allele seems to cause a decrease in fat and protein yields, as well as a small increase in milk yield. Such an opposite effect on milk yield, and composition would result in a considerable reduction of fat and protein percentages and thus explains the highly significant results obtained for these traits. According to the literature, the QTL is commonly thought of as affecting the percentage traits (Nadesalingam et al., 2001) , but the results of several studies suggests that the primary effect is on milk yield, with little effect on fat and protein yield, such that fat and protein percentages are affected (i.e., Georges et al., 1995; Zhang et al., 1998; Velmala et al., 1999; and Nadesalingam et al., 2001) . In Norwegian Dairy Cattle, however, the percentages seem to be affected mainly through the reduction of fat and protein yield. The QTL allele occurs with a relatively low frequency in the Norwegian population, possibly due to the selection for less but richer milk.
CONCLUSIONS
The QTL for milk production that has previously been mapped to BTA6 in several studies was here fine mapped to a marker bracket surrounded by the markers BMS2508 and FBN12 using combined linkage and linkage disequilibrium analysis. As the relevant marker bracket spans a 7.5-cM region, more markers are needed in this area to further refine the position of the QTL. One specific marker haplotype containing a relatively rare QTL allele has been detected. The QTL allele reduces fat and protein yield and increases milk yield somewhat. This combination of effects implies that the QTL has major effects on the fat and protein percentage of the milk.
